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Abstract 
The effect of dust on photovoltaic module to decrease the electrical energy output from PV module by obstructing the 
solar radiation which is absorbed by PV module. This research studied the effect of dust on PV module and also 
developing a mathematical relationship between dusts on PV module and decreasing from electrical energy output of 
PV power plant. The PV module which is studied in this research consist of three types, 40 W of amorphous silicon, 
75  W of mono crystalline silicon and 125 W of  multi crystalline silicon. The test of this work can be divided into 
two groups; first is the PV module which is cleaned and second is PV module without clean. The data of the test is 
recorded for 5 months after that analyze and develop a mathematical relationship model between dust on PV module 
and decreasing of electrical energy output from PV power plant. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
Center in Energy and Environment, Thaksin University. 
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1. Introduction 
The installation capacity of photovoltaic system in Thailand is presently increasing every year. As can 
be seen from the solar power plant and power development plan (PDP 2012) defines strategy as a 25 
percent renewable energy within 10 years. At present, Thailand is installed a photovoltaic systems about 
158 MW. 
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Fig. 1. Show photovoltaic systems installed in Thailand [1] 
There are many parameters affecting to system efficiency such as: PV module degradation, the 
shadow and the impact of environment, etc. An effecting of dust on PV module surface is decrease an 
electrical energy output as it obstructing the solar radiation. When electrical energy from PV module 
decreasing results to the revenue of PV power plant also decreasing. This effect has been studied in many 
countries such as Pavan et al. [2] studied and comparison of 1 MW PV power plant in Puglia of Italy. PV 
power plant used multi crystalline silicon. During the months of June to October. All data were collected 
and compared to a benchmark showed that the effect of dust on PV power plant of 6.9% performance 
degradation. Wittawat et al. [3] studied effect of dust on light transmission property of glass and 
performance of 2.2 kWp. Thin film Si photovoltaic system installed at National Science and Technology 
Development Agency (NSTDA). Clear glasses have been placed outdoor at the same location of the PV 
system for 30 days, That can measured their light transmittance by UV/Visible spectrometer. It was found 
that the transmittance of the glasses in the wavelength region of 550 nm decreased from 88.9% to 69.1%. 
Due to this soiling effect, performance ratio (PR) of the PV system was found to decreased from 75.9% to 
69.3%. Thus the idea for the study and research. Study the effect of dust on PV module to decreasing of 
electrical energy at School of Renewable Energy Technology (SERT) Naresuan University.  
2. Method 
The PV module which is studied in this research consist of three types, 40 W of Amorphous silicon,  
75 W of Mono-crystalline silicon and 125 W of Multi-crystalline silicon. The test of this work can be 
divided into two groups; first is the PV module which is cleaned and second is PV module without clean. 
The data were recorded every 5 minutes for a period of 5 months. Measure the solar radiation with 
Pyranometer and electrical energy output from PV module using PV analyzer. Then applied to analyze 
the efficiency used International Energy Agency Photovoltaic Power Systems TASK 2 - Performance, 
Reliability and Analysis of Photovoltaic Systems (IEA PVPS Task 2) [4]. Measure the dust accumulated 
on PV module using Dust-fall jar methods from Polution Control Department (PCD) [5] and standard for 
detecting dust by US EPA Method 5 of the United States Environmental Protection Agency (US EPA: US 
Environmental Protection Agency) [6] and analyze in environmental laboratory.  
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Fig. 2. Show PV module is clean and without clean 
3. Result and Discussion 
The average quantity of dust which is accumulated on PV module in 30 days and 60 days is 260 
mg/m2.d   and 425 mg/m2.d, respectively.  Which effect to solar radiation decreasing of 3.71 %, 11.15%. 
Fig. 3. Show different IV-Curve of PV amorphous silicon 
The effecting on amorphous silicon module surface is decrease electrical output of  41.79 W to 40.58 
W and 36.61 W , which 3.50 % and 7.28 % when quantity of dust equal 260 mg and 425 mg respectively. 
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Fig. 4. Show different IV-Curve of PV mono crystalline silicon 
The effecting on mono crystalline silicon module surface is decrease electrical output of 47.99 W to 
46.86 W and 44.23 W , which 2.96 % and 5.79 % when quantity of dust equal 260 mg and 425 mg 
respectively.
Fig. 5. Show different IV-Curve of PV multi crystalline silicon 
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The effecting on multi crystalline silicon module surface is decrease electrical output of  85.87 W to 
82.67 W and 77.67 W, which 2.83 % and 6.03 % when quantity of dust equal 260 mg and 425 mg 
respectively.
Use programs designing is PVSyst V5.41 for 1 MW PV power plant located at Phitsanulok. The 
latitude 16.45 north and longitude 100.11 east installed at an angle 17 degrees and PV module as an 
experiment. 
Fig. 6. Show Programs PVSyst for design PV power plant 
Table 1. Show the energy production of a 1 MW solar power plant 
Parameters 
Photovoltaic Module
a-Si m-Si p-Si 
Clean (kWh/years) 1,663,740 1,476,062 1,469,456 
Dust 260 mg (kWh/years) 1,603,002 1,429,508 1,425,617 
Dust 425 mg (kWh/years) 1,537,192 1,384,477 1,375,536 
The results can developed a mathematical relationship model between dusts on PV module and 
decreasing of electrical energy output. 
equation for dust cumulative : 
Du = -0.066d
2 + 11.30d – 13.44             (1) 
When 
 Du = Dust cumulative (milligram per square meter per day) 
 d = Number of days is not clean the PV module (days) 
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equation for solar radiation decreasing by dust obstruction : 
Rg(Du) = Ar + B                   (2) 
When  
 Rg =  Solar radiation decreasing by dust obstruction (Watt per square meter)  
 r =  Solar radiation (Watt per square meter)  
 Du   =  55   ; A equal 0.993 and B equal -8.109  
     130 ; A equal 0.987 and B equal -8.602   
     260 ; A equal 0.976 and B equal -9.588   
     340 ; A equal 0.942 and B equal -6.725   
     425 ; A equal 0.915 and B equal -3.862 
equations of power output from PV amorphous silicon 
Pa-Si = Wp * (0.001Rg – 0.0053)          (3) 
When  
 Pa-Si  =  Power output from PV amorphous silicon (Watt) 
 Wp    =  Maximum  power output from PV amorphous silicon (Watt) 
equations of power output from PV mono crystalline silicon 
Pm-Si = Wp * (0.0006Rg + 0.3288)          (4) 
When  
 Pm-Si   =  Power output from PV mono crystalline silicon (Watt) 
 Wp    =  Maximum  power output from PV mono crystalline silicon (Watt) 
equations of power output from PV multi crystalline silicon 
Pp-Si = Wp * (0.0007Rg + 0.2259)          (5) 
When  
 Pp-Si   =  Power output from PV multi crystalline silicon (Watt) 
 Wp  =  Maximum  power output from PV multi crystalline silicon (Watt) 
4. Conclusion 
The average quantity of dust which is accumulated on PV module in period of, 7 days, 30 days, and 
60 days is 55 mg/m2.d, 260 mg/m2.d and 425 mg/m2.d respectively.  The quantity of dust on PV module  
55 mg/m2.d, 260 mg/m2.d and 425 mg/m2 effect to decrease solar radiation of 3.71 %, 11.15 % and also 
effect to decrease electrical energy output from PV module of;  3.50 % of amorphous silicon when 
quantity of dust is equal to 260 mg  and 7.28 % when quantity of dust is equal to 425 mg,  2.96 % of 
mono crystalline silicon when quantity of dust is equal to 260 mg  and 5.79 % when quantity of dust is 
equal to 425 mg   and 2.83 % of  multi crystalline silicon when quantity of dust is equal to 260 mg and 
6.03 % when quantity of dust is equal to 425 mg.  The results of mathematical relationship model 
between dust on the photovoltaic module and reduced electrical energy of PV module consist of 1 
equation for cumulative of dust, 1 equation for solar radiation decreasing by dust obstruction and 3 
equations of energy output from three types of photovoltaic module. The results can be used to find the 
mathematical relationship between the accumulative dust on photovoltaic module and electrical energy 
output of PV module and also used to predict the energy output and benefit of PV power plant. 
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